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Abstract 
Frequent wildfires emit large amounts of black carbon (BC) into the atmosphere in the semiarid 
regions of the African continent. This atmospheric BC efficiently absorbs shortwave radiation and 
thus modifies the climate system on a regional scale. Therefore, it is essential to understand how 
geographical distribution patterns of BC emissions are controlled by climate and vegetation in 
these regions. In addition, carbonaceous aerosol emissions from wildfires are controlled by climatic 
cycles such as the El Niño–Southern Oscillation (ENSO) and the Indian Ocean Dipole, both of 
which regulate vegetation productivity related to the fuel load available for wildfires. However, 
the relationship between carbonaceous aerosol emissions and climatic cycles has not been 
evaluated quantitatively. On the other hand, in the future, Global Climate Model (GCM) 
simulation studies predicted the increment of air temperature and change of precipitation over the 
African continent. Other previous studies showed that a vegetation biomass increased with climate 
change in future. Therefore, amount of BC emission may increase with changes in fuel load and 
fire frequency due to those changes of climate and biomass. However, future BC emission from 
wildfire has not been evaluated quantitatively because there are high uncertainty of climate, 
ecosystem, and fire frequency in the future. 
First, we studied factors contributing to the variance of geographical distribution patterns of BC 
emissions. We applied a principal component analysis (PCA) to the correlations between dry 
season BC emissions observed by satellite and climate variables during the vegetation growing and 
dry seasons, and to correlations between BC and the leaf area index during the growing season, as 
independent values. We analyzed the burned fraction (BF) in the same way, but its factor loadings 
did not differ significantly from those of BC in sign or magnitude. During the growing season, the 
response pattern of vegetation productivity (an index of wildfire fuel loading) to climate variables 
explained 57.5% of the regional variability in BC emissions. This vegetation productivity was more 
closely correlated with the geographical distribution patterns of BC emission than climate 
variables such as temperature during the dry season. The response pattern of vegetation 
productivity to climate during the vegetation growing season was roughly determined by 
vegetation parameters such as biome type and tree cover, which are heterogeneously distributed in 
Africa. Therefore, regional BC emission patterns would differ even if climate change occurred 
uniformly throughout semi-arid Africa. 
Second, we studied carbon emission sensitivity to changes in climate temporal variation. We 
conducted two sets of experiments using a spatially explicit individual-based dynamic global 
vegetation model (SEIB-DGVM), which contained a wildfire sub-model. The first set of 
experiments, referred to as precipitation or temperature no-cycle experiments, was forced by 20 
years of climate data with negligible inter-annual variation in annual precipitation or annual 
mean air temperature. The second set, referred to as precipitation or temperature cycle 
experiments, was forced by 20 years of climate data showing cyclic inter-annual variability at a 
frequency of 20, 10, and 6 years for precipitation or air temperature. The control experiment, 
which used observation-based climatic data from 1982 to 2009, reconstructed a reasonable spatial 
distribution of the observed carbon emissions from wildfires in Africa. In the no-cycle experiment 
for precipitation and temperature, carbon emissions in the northern hemisphere decreased by 
15.4% and 15.1%, respectively, compared with emissions in the control experiment, whereas there 
was little difference in the southern hemisphere. In the cycle experiment for precipitation, carbon 
emissions increased in the northern hemisphere when the cycle of precipitation fluctuation was 
shorter: the increase ratios are 2.3 %, 3.0 %, and 5.2 % for the frequency of 20, 10, and 6 years, 
respectively. However, in the cycle experiment for temperature, carbon emissions did not 
significantly vary with fluctuations in the cycle. The pattern of cyclic changes in precipitation 
controls vegetation productivity, which relates fuel load for wildfire, and fraction of tree coverage, 
which relates fire possibility. Therefore, our simulation revealed the importance of the pattern of 
inter-annual variability in precipitation to regulating carbonaceous aerosol emissions in the 
African continent. 
Finally, we studied a future BC emissions from wildfire following previous chapters. We 
estimated future BC emission from wildfire using a dynamic global vegetation model with a 
climate projection provided by the MIROC 3.2 general circulation model, and analyzed the cause 
 
of changes in amount and spatial distribution of BC emission. In the African continent (37°S–34°N, 
17°W–59°E), the average of annual BC emission increased by 30.5% during the 21st century. Range 
of the increment of BC emission was higher for northern hemisphere (0°S–15°N, 17°W–41°E) than 
for southern hemisphere (30°S–0°N, 5°W–41°E) of the African continent: They were, 40.4% and 
16.7 %, respectively. In accord with this trend, increment of biomass under future climate is higher 
for northern hemisphere than for southern hemisphere: They were 39.8 % and 26.0%, respectively. 
These corresponding changes in the BC emission and biomass suggest that simulated increment of 
BC emission is caused by the increment of biomass, which is a result of higher atmospheric CO2 
concentration under future environment. It is also shown that the changes in annual precipitation 







ては野外火災によって大量の BC が放出されている。しかし，アフリカにおける BC 放出量の気候に対
する依存性などは定量的には解明されていない。石井翔太提出の論文は，野外火災による BC 放出量の
時空間変動とその変動要因を，気候変動と植生生態系に関係づけて解明する研究である。 
 まず，現在の BC 放出域の空間的な分布について，気候と植生データの主成分分析によって解析を行
った。BC 放出の地域間差は火災の燃料となる植物生産量でもっともよく説明されること，これは気象
要素よりも植生タイプや樹木被覆率に依存することを示した。 






 将来の BC 放出量の変化について植生動態モデル SEIB-DGVM と大気海洋結合全球モデル MIROC(3.2)の
将来気候出力を用いて検討した。2081-2100 年には現在に比べてアフリカ全体で BC 放出量が３割程度
増えることを示した。特に北半球で増加が顕著で，この増加は二酸化炭素の増加による燃料となる植
物の増加が効いること，空間分布は降水パターンの変化に起因することを明らかにした。 
 本論文は，アフリカにおける野外火災による BC 放出量の時空間変動を気候変動とそれに伴う植生動
態と関係づけるものであり，これまで気象学者，植物生態学者や生物地球化学者が手を出せずにいた
課題である。学際的な知見や手法が必要とされる事象について，研究を行い新しい知見を見出したも
ので，本人が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。し
たがって，石井翔太提出の博士論文は，博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
